Bacillus subtilis was grown at 30 C in 15 media which produced generation times of between 200 and 40 min. A correlation was observed between the growth rate and the number of septa per cell. The time between the production of a septum and its involvement in cell division was not related to the growth rate, but, for the 15 populations, had a mean value of 138 min. Multiseptate cells became progressively evident when the organism was grown at rates in excess of a 138-min generation time.
Bacillus subtilis was grown at 30 C in 15 media which produced generation times of between 200 and 40 min. A correlation was observed between the growth rate and the number of septa per cell. The time between the production of a septum and its involvement in cell division was not related to the growth rate, but, for the 15 populations, had a mean value of 138 min. Multiseptate cells became progressively evident when the organism was grown at rates in excess of a 138-min generation time.
A characteristic of Bacillus sp. is that they are frequently multiseptate (Bergey's Manual, 7th ed.). One explanation for this phenomenon is that, although the production of cell septa might be in accord with the overall growth of the cell, the timing of cell division is a particularly variable event (9) . There have, however, been no studies to determine the effect of the growth medium on this character. This approach would seem appropriate since it has been well established that the size, composition, and growth rate of bacterial cells are controlled by the nutritional constitution of the growth medium (8, 10 ). This paper describes the application of this technique to study the production of multiseptate cells by B. subtilis. It was observed that both cell division and the production of multiseptate cells were ordered events in the cell cycle.
MATERIALS AND METHODS
The strain of B. subtilis used in this investigation was obtained from The Imperial College The relationship in Fig. 1 was shown by regression analysis (11) to be highly significant when represented by the equation y = 2.1 + 2.9z (2) where z is the logarithm of the number of divisions per hour.
By using equation 2, it was determined that the average cell contained none or one septum when the growth rate was between 0.30 and 0.42 division/hr; one and three septa between 0.42 and 0.93 division/hr; three and seven septa between growth rates of 0.93 and 1.50 divisions/ hr.
Two particularly interesting situations arose when the growth rate was 0.42 or 0.93 division/hr. (i) When y = 1, the average cell contained one septum throughout its life cycle, and the growth rate was 0.42 division/hr which is a generation time of 144 min. In this situation, cell division coincided with the production of a new septum which became the site of cell separation after 144 min. (ii) When y = 2, the average cell contained three septa during the cell cycle, and the growth rate was 0.93 division/hr, a generation time of 65 min. In this case, cell division coincided with the production of two new septa, and these became the sites for cell division after two generations or 130 min.
Therefore, when the growth rate was increased from a 144-min to a 65-min generation time, the time between the appearance of cell septa and their involvement in cell division changed only from 144 to 130 min.
The values of 144 in (i) and 130 in (ii) were readily determined since the populations contained only one cell type in terms of septation pattern, and the production of new septa must have coincided with cell division. In the 15 media employed in this study, cell populations always contained more than one cell type. However, it is possible to determine from asynchronous populations the timing of septum production in the cell cycle by knowing (i) the percentage of a population which has attained a particular septation pattern and (ii) the growth rate of the culture.
If P stands for the proportion of a cell population in which septum production has occurred, and t/Gt the fraction of the generation time at which the average cell formed septa, the relationship between P and t/Gt is given by log (P + 1) = log 2 (1 -t/Gt) Fig. 3 and the values in Table 1, the time between the production of cell septa and their involvement in cell division was calculated for each of the fifteen populations. The results of these calculations are shown in Fig. 4 , in which *(n,t) growth rate appears on the abscissa and "elapsed time" on the ordinate. Regression analysis (11) demonstrated that there was no significant relationship between "elapsed time" and growth rate, instead the former were found to be from a normal population with a mean value of 138 min. It appears that, over the fivefold variation in growth rate; from 0.30 to 1.50 divisions/hr, the time between appearance of septa and use in cell division has a mean value of 138 min. A model can therefore be constructed which predicts the number of septa contained by a cell at particular growth rates. Accordingly, Fig. 5 contain one septum (no. 1). At zero time, cell C contains one septum (no. 1) for the imminent division, two septa (no. 2) for those divisions which occur after 50 min, and four (no. 3) for those occurring after 100 min, i.e., a total of seven septa. Because the generation time is 50 min, the septa for any division are produced two cycles before, and the cell contains three septa for 12 min and seven for 38 min of each cycle.
By using this model, it can be predicted that, at a generation time of 46 min, the average cell should contain seven septa throughout the cell cycle. However, by using equation 2, this septation pattern does not occur until a generation time of approximately 30 min. It can be seen from Fig. 1 that only two populations were considered which had generation times of less than 60 min, and the slope of the line is considerably influenced by these two values. It would have been desirable to have obtained more populations with generation times less than 60 min. This was attempted by using media in which glucose was supplemented with combinations of amino acids (2) . Surprisingly, growth rates and septation patterns, (8) .
A particularly interesting situation exists with regard to the deoxyribonucleic acid content of bacterial cells, which is also a function of the growth rate (2, (5) (6) (7) (8) 10) . It has been observed that in Escherichia coli, growing at 37 C between one and three divisions per hour, the time between the initiation of chromosome replication and the separation of the replicated chromosomes at division is approximately 1 hr (2, 4) . The ability of this organism to grow at rates in excess of a 60-min generation time was explained on the basis of multiple replication forks and overlap in synthesis (2, 5, 6) . Thus, as the growth rate was increased, the initiation of replication occurred at a progressively earlier time even though this involved synthesis of the chromosome for one division to occur in a previous cycle. It was also observed that synthesis for one division may be initiated before a previous one had been completed.
The observations reported here on septation show a similarity to that system describing chromosome synthesis in E. coli (2, 5, 6) . As the growth rate was increased, cell wall synthesis was progressively directed towards the production of septa at earlier times in the cell cycle. This process ultimately produced multiseptate cells. It seems apparent that some association may exist between cell division and the timing of initiation of chromosome replication and septum formation, as suggested in the case of E. coli and B. subtilis, respectively. However, at present there can only be speculation concerning the events occurring between septum production and use in cell division. The production of a septum is unlikely to trigger chromosome replication for the forthcoming division since chromosomes must be separate before the formation of a septum divides the cell.
A further problem, accentuated by this work, is not only integrating cell wall synthesis with that of other parts of the cell but also explaining multiseptation production itself. Thus, in becoming multiseptate, a number of septa are produced simultaneously in different parts of the cell. This implies that, not only are there specific areas of the cell surface at which formation can occur, but a control system must exist for the simultaneous expression of these areas in accord with the growth rate. A hypothetical model has been presented to explain the number of replication forks on the chromosome in terms of the growth rate and corresponding cell size (3) . A similar mechanism may be applicable to the production of multiseptate cells.
It is not known whether this model explaining multiseptation as a function of the growth rate can be applied to other species of Bacillus which exhibit a considerable variation in degree of septation (Bergey's Manual, 7th ed.). However, it seems possible that the former approach of considering multiseptation as a delay in cell separation at division may be replaced by an alternative concept regarding septation as a controlled process in the cell cycle.
